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Summary The association between soya foods and breast cancer risk was investigated in a prospective study of 34 759 women in Hiroshima
and Nagasaki, Japan. Women completed dietary questionnaires in 1969-1970 and/or in 1979-1981 and were followed for incident breast
cancer until 1993. The analysis involved 427 cases of primary breast cancer in 488 989 person-years of observation. The risk for breast
cancer was not significantly associated with consumption of soya foods: for tofu, relative risks adjusted for attained age, calendar period, city,
age at time of bombings and radiation dose to the breast were 0.99 (95% CI 0.80-1.24) for consumption two to four times per week and
1.07 (0.78-1.47) for consumption five or more times per week, relative to consumption once a week or less; for miso soup, relative risks were
1.03 (0.81-1.31) for consumption two to four times per week and 0.87 (0.68-1.12) for consumption five or more times per week, relative to
consumption once a week or less. These results were not materially altered by further adjustments for reproductive variables and were similar
in women diagnosed before age 50 and at ages 50 and above. Among 17 other foods and drinks examined only dried fish (decrease in
relative risk with increasing consumption) and pickled vegetables (higher relative risk with higher consumption) were significantly related to
breast cancer risk; these associations were not prior hypotheses and, because of the large number of comparisons made, they may be due
to chance. © 1999 Cancer Research Campaign
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The risk for breast cancer is increased by exposure to high levels 22 200 of these women who completed a questionnaire in
of endogenous and exogenous oestrogens (Pike et al, 199379-1981 (Goodman et al, 1997); the current analysis is an
Collaborative Group on Hormonal Factors in Breast Cancer, 199%&xtension of that work that uses the risk factors identified in the
Thomas et al, 1997). Soya foods are rich in precursors of thgrevious analysis as covariates in the examination of dietary
isoflavones daidzein and genistein, which are heterocyclic phenofactors and includes women who completed the earlier 1969-1970
similar in structure to oestrogens, and it has been hypothesized thatestionnaire in addition to women who completed the 1979-1981
a high dietary intake of soya foods might reduce breast cancer rigjuestionnaire.

by interfering with the action of endogenous oestradiol (Setchell

gt al, 1984). The results of studies of the effects qf dletarB‘VIATERIALS AND METHODS

isoflavones on oestrogen levels and ovulatory function have

varied, but some studies have suggested that high intakes &bjects

premenopausal women may reduce serum oestradiol concentra- o ) ) )
tions, suppress the mid-cycle surge of gonadotrophins anbhe Radiation Effects Research Foundation’s Life Span Study is a

perhaps increase the length of the menstrual cycle (Cassidy et §phort of approximately 50 000 men and 70 000 women. Of these,
1994, 1995; Lu et al, 1996; Nagata et al, £)97 93 741 were both present in Hiroshima or Nagasaki at the time of

Several studies have reported on the association of soya fool Pombings and city residents on 1 October 1950, the time of the
with breast cancer risk, but the results have been inconsistefi{St Post-war national census (Preston et al, 1987). The cohort also
(Nomura et al, 1978; Hirohata et al, 1985; Hirayama, 1990; Lee dpcludes 26 580 residents not present in either city at the time of

al. 1991 1992 Hirose et al. 1995 Yuan et al. 1995: Greenstein Hi€ bombings who were identified in special censuses conducted
al, 1996; Wu et al, 1996; Witte et al, 1997). We report here th@etween 1950 and 1953 (Preston et al, 1987). The data used in the

association between soya foods and breast cancer risk amofigTent analysis are from two mail surveys conducted among the
34 759 women in the Life Span Study cohort in Hiroshima and-Te Span Study cohort to collect further information on character-
Nagasaki, Japan. A previous paper reported on the associationiafics of the subjects including lifestyle, reproductive factors and

breast cancer risk with reproductive factors and radiation exposufii€tary habits. ) ,
The first mail survey of women in the Life Span Study (Survey

1) was sent to the 39 000 women alive on 1 September 1969, with
Received 7 April 1999 mailing between 1969 and 1970. A total of 20 832 (53.4%) women
Revised 13 May 1999 responded to this survey. The second mail survey of women in the
Accepted 18 May 1999 Life Span Study (Survey 2) was sent to the 34 421 women alive in
Correspondence to: TJ Key September 1979 in Hiroshima and in July 1979 in Nagasaki. Three
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mailings were made to maximize the response. The last completedFor women who responded to Survey 1, the start of follow-up
guestionnaires were received in February 1981. A total of 24 99%as taken as the month and year in which the completed question-
women (72.6%) responded to this survey. Women who wer@aire was received. For women who did not respond to Survey 1
absent from the cities at the time of the bombings were included ibut who did respond to Survey 2, the start of follow-up was taken
Survey 1 but excluded from Survey 2. Altogether, 34 759 womeras February 1981 for Hiroshima and November 1981 for Nagasaki
completed one or both questionnaires: of these, 9 765 completdeécause the exact dates of receipt of the completed questionnaire
the Survey 1 questionnaire only, 13 927 completed the Survey ®&ere not recorded and these were the latest months in which ques:
guestionnaire only, and 11 067 completed both questionnaires. tionnaires were received. The end of follow-up was taken as the
date of diagnosis of breast cancer, date of diagnosis of any other
Questionnaires on lifestyle, reproductive factors and ma_llgnant neoplasm, date of death, or 31. Decemper 1993,
diet whichever occurred first. Women who were registered with cancer
before the start of follow-up were excluded.

The mail survey questionnaires sent out in 1969—-1970 (Survey 1)
and in 1979-1980 (Survey 2) were very similar; indeed most ques- . L
tions were identical in the two questionnaires. The questionnairéédJUStment for migration
covered reproductive history, weight and height, and otheFor subjects whose follow-up ends in the diagnosis of cancer, it is
possible risk factors for breast cancer including use of exogenougown that they have not migrated out of the catchment areas of
hormones, smoking and alcohol consumption. the cancer registries. For other subjects, whose follow-up ends in

Both the mail survey questionnaires included a section on dietieath or on 31 December 1993, it is unknown whether they are
The list of foods was similar on the two questionnaires. Thestill resident in the catchment areas of the cancer registries, and &
analyses described here report the relative risk for breast cancergroportion of these subjects will have migrated out of these areas.
relation to consumption of nineteen foods and drinks: tofu (soydo allow for this migration, the person-years at risk were reduced
bean curd); miso soup (miso is fermented soyabean paste); hahy adjustment factors, specific for strata of year of birth, calendar
sausage etc.; other meat (including chicken in Survey 2 only); fisperiod and city, which were estimated from data in the Adult
(sashimi (raw fish), boiled, fried etc., excluding broiled or driedHealth Study subcohort of the Life Span Study (Sposto and
fish); dried fish; milk; butter and cheese (excluding margarine)Preston, 1992; Thompson et al, 1994).
eggs; rice; bread; Western-style confectionery; fruit; green or
yellow vegetables (pumpkin, carrot, spinach, etc.; included in the
Survey 2 questionnaire only); sea vegetables; pickled vegetabl(,§§
(and salted fish gut); coffee; black tea; and green tea. Person-years at risk were calculated using Reeson Years

For rice and bread, the frequencies of consumption were: onemputer program (Coleman et al, 1989). Relative risks were
or less per day; twice per day; three times or more per day. Fealculated by Poisson regression using the GLIM-4 statistical
green tea, the frequencies were: once or less per day; two to fosystem (Francis et al, 1993). All analyses were stratified by
times a day; five times or more per day. For the other foods, thattained age (< 40, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69,
frequencies were once or less per week; two to four times pet0-74, 75-79, 80+); calendar period (1969-1974, 1975-1979,
week; five or more times per week. In the Survey 2 questionnairg980-1984, 1985-1989, 1990-1994); city of residence at the time
each food and drink had an additional category of neveof the bombing (Hiroshima, Nagasaki); age at the time of the
consumed; for compatibility with the Survey 1 data, this categorppombing (< 15, 15+); and breast dose in Sv (0, 0.01-0.06,

atistical analysis

was combined with the next lowest intake category. 0.07-0.30, 0.31+, missing). Cut points for the stratification vari-
ables were based on previous findings (Thompson et al, 1994;
Radiation dose estimates Goodman et al, 1997).

Radiation dose estimates were based on the Dosimetry Systerﬂioé trr]ose ;Y{)Tif (\;\?7(; reg:rsr;erg qel;erzt;nrnirezr'g gglt: E’Q&e.{ﬁ
1986 (DS86), which is the result of refinements in radiation dose@Nd Survey 2= + Pe y ISK W u !

made by several working groups in Japan and the USA in threlatlon to diet as _reported in Survey 1 until the datt_a of enFry to
1980s (Roesch, 1987). The DS86 system breast dose from gam yrvey 2, after which person-years were calculated in relation to

rays and neutrons is based on physical calculations of yield witHIGt as reported in Survey 2. To explore the possibility that a more

individual data on shielding by buildings, terrain and body tissuere“abIe indication of usual long-term diet might be obtained by

We assumed a quality factor (relative biological effectiveness) olf'S'n? theslnformaztlon fro[;n bolt h Survey L arc;d Sugvgy Z;thfo(ljl'ow-
10 for neutrons (i.e. breast dose = gamma dose * d€utron gp after uhrvey » & subanalysis wa; codn ucted in which dietary
dose) to allow for their differential effectiveness. The actual ata from the two surveys were combined.

relative biological effectiveness may vary by dose, but precise

values for the breast are unknown. RESULTS

Follow-up Stratification variables

Follow-up for cancer incidence was by linkage with the popula-Table 1 shows the associations of attained age, calendar period
tion-based cancer registries in Hiroshima and Nagasaki (Mabuclity, age at time of bombing and radiation dose with breast cancer
et al, 1994). Follow-up for mortality was by linkage with the risk, with these factors adjusted for each other. The risk of breast
Japanese family registration system. This provides virtuallycancer was highest at ages 55-59. Risk increased significantly
complete ascertainment of death and cause of death as recordedwith calendar period, with rates in 1990-1994 over twice as high

the death certificate for all subjects still living in Japan. as those in 1969-1974; this increase in risk with calendar period

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 81(7), 1248-1256
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Table 1 Relative risk of breast cancer (& 95% CI) for the baseline factors, adjusted for each other

Factor No. cases Person-years 2 Relative risk (95% CI) Trend °

Attained age

<40 18 38987 0.85 (0.43-1.69)

40-44 32 37 448 1.27 (0.74-2.18)

45-49 46 51 239 1.19 (0.75-1.88)

50-54 54 56 695 1.21 (0.80-1.83)

55-59 71 61619 1.34 (0.94-1.92)

60-64 59 64 447 1.00¢

65-69 48 55024 0.98 (0.67-1.44)

70-74 39 45 768 0.98 (0.65-1.48)

75-79 27 36 736 0.83 (0.52-1.31)

>80 33 41 026 0.86 (0.56-1.32) P =0.086
Calendar period

1969-1974 43 86 411 0.49 (0.34-0.73)

1975-1979 55 81 947 0.67 (0.48-0.94)

1980-1984 96 116 227 0.74 (0.57-0.97)

1985-1989 133 118 858 1.00°

1990-1994 100 85 546 1.10 (0.84-1.44) P <0.0001
City

Hiroshima 338 382 152 1.00¢

Nagasaki 89 106 837 0.84 (0.67-1.07) NA
Age at the bomb

<15 year 132 144 317 0.92 (0.66-1.30)

>15 years 295 344 672 1.00¢ NA
Radiation dose

Zero 161 234 528 1.00¢

0.01-0.06 Sv 92 129 146 1.03 (0.80-1.33)

0.07-0.30 Sv 56 58 039 1.36 (1.00-1.84)

>0.31Sv 73 37 379 2.63 (1.99-3.48) P <0.0001

Unknown 45 29 897 2.03 (1.45-2.85)

aAdjusted for the probability of not having migrated out of the area covered by the cancer registries. *Test for linear trend;
NA=not applicable. ‘Reference group.

was only slightly reduced by further adjustments for age asignificantly higher in women who were more educated than in
menarche, parity, age at first birth and body mass index (results ntitose who were less educated.

shown). Risk was not significantly associated with city of resi-

dence or with age at time of bombing. Risk increased significant%oya foods and other dietary factors

with increasing radiation dose to the breast. All subsequen

analyses were adjusted for the variables in Table 1 by stratificatiofable 3 shows the associations of breast cancer risk with tofu, miso
with the categories as given in the Table. soup and 17 other foods and drinks. In each case, the lowest level
of consumption was used as the reference group.

Tofu and miso soup were not significantly associated with
breast cancer risk; relative risks in the highest category of
consumption were 1.07 (0.78-1.47) and 0.87 (0.68—1.12) respec-
Table 2 shows the associations of reproductive, anthropometritvely. Further adjustment for parity and age at first birth, age at
and other non-dietary factors with breast cancer risk. Risknenarche, age at menopause, body mass index and education level
decreased significantly with increasing age at menarche arftld little effect on these estimates (results not shown). The intakes
increased significantly with increasing age at menopause. Riséf tofu and miso soup were positively correlated (data not shown),
decreased significantly with increasing parity and was non-signifiand the risk for breast cancer in women with a relatively high total
cantly higher in women with a late age at first birth than in thoseéntake of tofu and miso soup, compared to women with a relatively
with an early age at first birth; a combination of these variablesow total intake of these foods, was 0.94 (0.73-1.20).
indicated that risk decreased with both increasing parity and with The associations of soya foods with breast cancer risk were
decreasing age at first birth. examined separately for diagnoses at ages < 50 and &feAt

Risk was not significantly associated with weight or height butages < 50, relative risks were 1.30 (0.82-2.08) and 1.16
increased significantly with increasing body mass index. The relaf0.56—2.38) comparing the medium and highest intake categories
tionship of body mass index with breast cancer risk was confinetbr tofu to the lowest; the corresponding figures forxt&® group
to diagnoses at age$0 years; relative risks in the highest cate-were 0.92 (0.72-1.17) and 1.05 (0.73-1.49). For miso soup, the
gory compared to the lowest category were 0.93 (95% confidenaelative risks were 1.16 (0.69-1.95) and 1.03 (0.61-1.72) among
interval (Cl) 0.44-1.97) and 1.45 (1.04—2.00) for diagnoses at agegomen diagnosed before age 50 and 1.00 (0.76-1.31) and 0.83
< 50 and>50 years respectively. (0.63-1.10) for women diagnosed at older ages.

Risk was not significantly associated with use of hormone We also examined the association of soya foods with breast
compounds, smoking, or alcohol consumption. Risk wasancer rates in the subgroup of women who had been exposed to

Reproductive, anthropometric and other non-dietary
factors

British Journal of Cancer (1999) 81(7), 1248-1256 © 1999 Cancer Research Campaign
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Table 2 Relative risk of breast cancer (& 95% CI) for reproductive and other non-dietary factors, each adjusted for attained age, calendar period, city, age at
time of bombing and radiation dose

Factor No. cases Person-years 2 Relative risk (95% CI) Trend ®

Age at menarche (years)

<14 102 93 969 1.48 (1.12-1.96)
14 99 106 509 1.29 (0.98-1.71)
15 88 101 151 1.22 (0.92-1.62)
216 111 155 737 1.00° P =0.005
Unknown 27 31621 1.11 (0.73-1.70)
Age at menopause (years)
<48 67 93477 1.00¢
48-49 38 50 372 1.04 (0.70-1.55)
50-51 57 67 534 1.18 (0.83-1.68)
252 53 54 296 1.38 (0.96-1.98) P=0.043
Unknown or not applicable 212 223311 1.39 (1.02-1.90)
Parity
Nulliparous 67 50 009 1.93 (1.44-2.58)
1-2 full-term pregnancies 174 189 745 1.26 (0.99-1.59)
23 full-term pregnancies 142 207 858 1.00¢ P <0.0001
unknown 44 41 376 1.61 (1.14-2.25)
Age at first birth (years)
<22 52 82438 0.79 (0.56-1.10)
22-23 64 91 325 0.83 (0.60-1.13)
24-25 86 93 558 1.08 (0.81-1.43)
226 104 119 389 1.00¢ P=0.081
Unknown or not applicable 121 102 278 1.35 (1.04-1.76)

Combined parity and age at
first birth (number of full-term
pregnancies/age at first birth)

Nulliparous 67 50 284 2.06 (1.47-2.90)
1-2/224 108 115 593 1.37 (0.99-1.89)
1-2/<24 41 54 340 1.12 (0.75-1.67)
23/224 67 81998 1.25 (0.89-1.76)
>3/<24 67 108 309 1.00° NA
Unknown 77 78 465 1.51 (1.08-2.10)
Weight (kg)
<45 71 98 398 1.00¢
45-49 88 111 575 1.05 (0.77-1.44)
50-54 107 114 420 1.20 (0.88-1.62)
255 143 142 825 1.25(0.93-1.67) P =0.068
Unknown 18 21772 1.12 (0.67-1.88)
Height (cm)
<150 109 129 169 1.00¢
150-152 111 124 177 1.02 (0.78-1.33)
153-155 74 92 364 0.90 (0.67-1.22)
2156 107 112 649 1.05 (0.80-1.39) P=0.861
Unknown 26 30629 1.03 (0.67-1.58)
Body mass index (kg m2)
<20 95 125 591 1.00¢
20-22.4 118 141 640 1.05 (0.80-1.38)
22.5-24.9 93 105 593 1.07 (0.80-1.43)
225 86 76 649 1.37 (1.02-1.84) P =0.050
Unknown 35 39517 1.20 (0.81-1.78)
Used hormone compounds
No 340 393 297 1.00¢
Yes 42 48 813 0.95 (0.69-1.31) NA
Unknown 45 46 878 1.06 (0.78-1.44)
Smoking
Never smoked 337 384123 1.00¢
Past or current smoker 68 70 431 1.05 (0.81-1.36) NA
Unknown 22 34434 0.84 (0.55-1.29)
Alcohol drinker
No 315 368 282 1.00¢
Yes 75 81723 0.96 (0.74-1.23) NA
Unknown 37 38985 1.14 (0.81-1.60)
Education level
None or elementary 152 203 775 0.80 (0.65-0.99)
Secondary and above 257 260 725 1.00¢ NA
Unknown 18 24 489 0.79 (0.49-1.27)

aAdjusted for the probability of not having migrated out of the area covered by the cancer registries. *Test for linear trend; NA = not applicable. “Reference
group.

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 81(7), 1248-1256
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Table 3 Relative risk of breast cancer (& 95% CIl) by level of consumption for various foods, each adjusted for attained age, calendar period, city, age at time
of bombing and radiation dose

Food No. cases Person-years 2 Relative risk (95% CI) Trend °
Soya foods
Tofu
<l/week 139 164 476 1.00¢
2-4/week 199 219 025 0.99 (0.80-1.24)
>5/week 52 52 695 1.07 (0.78-1.47) P=0.712
Unknown 37 52 794 0.91 (0.63-1.30)
Miso soup
<l/week 134 157 190 1.00¢
2—-4/week 130 132 875 1.03 (0.81-1.31)
>5/week 123 156 123 0.87 (0.68-1.12) P =0.306
Unknown 40 42 799 1.13 (0.79-1.60)
Other foods and drinks
Ham/sausage
<l/week 218 224 931 1.00¢
2—-4/week 100 121 092 0.88 (0.69-1.12)
>5/week 17 23901 0.78 (0.48-1.28) P=0.137
Unknown 92 119 064 0.92 (0.71-1.18)
Other meat
<l/week 90 123575 1.00¢
2—4/week 164 179 442 1.15 (0.89-1.50)
>5/week 119 115 815 1.12 (0.85-1.49) P =0.469
Unknown 54 70 157 0.99 (0.70-1.38)
Fish (not dried)
<l/week 99 125 089 1.00¢
2—-4/week 159 185 031 1.08 (0.84-1.39)
>5/week 118 112 564 1.17 (0.90-1.54) P=0.209
Unknown 51 66 305 0.92 (0.66-1.29)
Dried fish
<l/week 259 256 264 1.00¢
2—4/week 64 81 898 0.85 (0.64-1.12)
>5/week 7 16 264 0.49 (0.24-1.02) P=0.029
Unknown 97 134 563 0.77 (0.60-0.98)
Milk
<l/week 150 167 029 1.00°
2—-4/week 85 84 636 1.06 (0.81-1.39)
>5/week 121 134 904 0.96 (0.76-1.22) P=0.770
Unknown 71 102 420 0.87 (0.66-1.16)
Butter/cheese
<l/week 179 212 831 1.00¢
2—4/week 79 76 878 1.27 (0.97-1.66)
>5/week 62 70193 1.13 (0.85-1.51) P=0.239
Unknown 107 129 088 1.13 (0.89-1.45)
Eggs
<l/week 87 115 648 1.00¢
2—-4/week 187 177 703 1.28 (0.99-1.66)
>5/week 126 155 444 1.05 (0.79-1.38) P =0.936
Unknown 27 40 195 0.95 (0.61-1.46)
Rice
<l/day 30 38435 1.00¢
2/day 225 237 530 1.24 (0.85-1.81)
>3/day 153 191 762 1.13 (0.76-1.68) P=0.901
Unknown 19 21262 1.27 (0.71-2.27)
Bread
<l/day 309 334 348 1.00¢
2/day 15 15976 1.01 (0.60-1.70)
>3/day 2 1411 1.66 (0.44-6.16) P=0.709
Unknown 101 137 253 0.84 (0.67-1.06)
Western-style confectionery
<l/week 147 169 788 1.00¢
2—4/week 127 156 235 0.90 (0.71-1.14)
>5/week 78 87 696 0.90 (0.68-1.18) P =0.403
Unknown 75 75 270 1.22 (0.92-1.62)
Fruit
<l/week 59 68 608 1.00¢
2—-4/week 121 125 626 1.07 (0.78-1.46)
>5/week 222 258 661 0.95 (0.71-1.27) P=0.531
Unknown 25 36 093 0.87 (0.55-1.39)

British Journal of Cancer (1999) 81(7), 1248-1256 © 1999 Cancer Research Campaign
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Table 3 Continued

Food No. cases Person-years 2 Relative risk(95% CI) Trend P

Greenlyellow vegetables?

<1/week 50 46 428 1.00¢
2-4/week 118 103 241 1.06 (0.76-1.48)
>5/week 67 63 650 0.99 (0.69-1.44) P=0.949
Unknown 192 275 669 1.03 (0.72-1.46)
Sea vegetables
<1/week 128 138 711 1.00¢
2—-4/week 162 182 098 0.88 (0.70-1.11)
>5/week 106 115 651 0.89 (0.69-1.16) P=0.417
Unknown 31 52 529 0.68 (0.46-1.00)
Pickled vegetables®
<1/week 74 106 305 1.00¢
2-4/week 93 85 351 1.50 (1.10-2.03)
>5/week 224 238 697 1.35 (1.04-1.75) P =0.059
Unknown 36 58 638 0.98 (0.66-1.46)
Coffee
<1/week 151 184 263 1.00¢
2—-4/week 71 84 676 1.03 (0.78-1.37)
>5/week 122 113 745 1.19 (0.93-1.52) P=0.258
Unknown 83 106 306 1.11 (0.84-1.46)
Black tea
<l/week 223 223411 1.00¢
2-4/week 64 84 014 0.85 (0.64-1.12)
>5/week 55 54 009 1.10 (0.82-1.48) P=0.981
Unknown 85 127 555 0.76 (0.59-0.98)
Green tea
<l/day 54 57 846 1.00¢
2-4/day 251 270 447 1.02 (0.76-1.36)
>5/day 100 127 217 0.86 (0.62-1.21) P=0.284
Unknown 22 33478 0.78 (0.47-1.29)

aAdjusted for the probability of not having migrated out of the area covered by the cancer registries. PTest for linear trend. °Reference level. “Recorded in Survey
2 only. ®Including salted fish gut.

Table 4 Relative risk of breast cancer (& 95% CI) among women in both surveys by level of consumption for soya foods, each adjusted for attained age,
calendar period, city, age at time of bombing and radiation dose

Food No. cases Person-years 2 Relative risk (95% CI) Trend °
Tofu®
Low 35 42 071 1.00¢
Medium 33 30 506 1.30 (0.81-2.09)
High 12 12 094 1.19 (0.62-2.29) P=0.436
Unknown 14 18 674 0.92 (0.49-1.71)
Miso soup®
Low 32 30 458 1.00¢
Medium 29 27 204 1.05 (0.63-1.74)
High 23 30771 0.74 (0.43-1.28) P=0.315
Unknown 10 14 913 0.68 (0.33-1.39)

aAdjusted for the probability of not having migrated out of the area covered by the cancer registries. *Test for linear trend. cLow = <1/week in both surveys, or
one <l/week and the other 2—4/week; Medium = 2—4/week in both surveys, or one <l/week and the other 25/week; High = =5/week in both surveys, or one
2-4/week and the other =5/week. ‘Reference level.

very little radiation at the time of the atomic bombings (zero orSubanalysis of soya food consumption among women
0.01-0.06 mSv); the results were similar to those for all womenvith dietary information in both Survey 1 and Survey 2
(results not shown).

Of the other foods and drinks examined, the only significantOf the 34 759 women studied, 11 067 had completed dietary ques-
associations were a decrease in risk with increasing consumptidionnaires at both Survey 1 and Survey 2. The proportions of
of dried fish and an increase in risk with medium and highwomen reporting the same frequency of consumption in both
consumption of pickled vegetables. Further adjustment of the relsurveys were 47.2% for tofu and 44.0% for miso soup. The
tive risks associated with tofu and miso soup for the consumptioproportions of women reporting extremely different consumption
of both dried fish and pickled vegetables changed the relative risks the two surveys (i.e. once or less per week changed to five or
for consumption five or more times per week to 1.07 (0.78-1.48jnore times per week, or vice versa) were 7.0% for tofu and 18.6%
for tofu and 0.80 (0.61-1.03) for miso soup. for miso soup.

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 81(7), 1248-1256
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Table 5 Epidemiological studies of soya consumption and breast cancer risk

Study Location Cases Menopausal Soya intake Cases/ Relative risks
status controls
Case—control
studies
Hirohata et al, Fukuoka, Japan 212 Combined Cases mean 26 g of - -
1985 fat from soybean
products/week*
Controls mean 26 g of - -
fat from soyabean
products week*
Lee et al, 1991, Singapore 109 Premenopausal <20.3 g products day* 41/53 1.0 (ref.)
1992
20.3-54.9¢ 38/73 0.6 (0.3-1.2)
products day
55.0+ g products/®! 30/81 0.4 (0.2-0.9)

91 Post-menopausal <20.3 g products day 37/87 1.0 (ref.)
20.3-54.9¢9 26/66 0.9 (0.4-1.9)
products day
55.0+ g products day™* 28/60 1.1 (0.5-2.3)

Hirose et al, Aichi, Japan 607 Premenopausal Bean curd <3 months™ 86/2151 1.0 (ref.)
1995
Bean curd 1-2 week™ 270/6291 0.93 (0.72-1.19)
Bean curd =3 week™* 250/6433 0.78 (0.60-1.00)
Miso <daily 383/8615 1.0 (ref)
Miso daily 22416268 1.16 (0.98-1.37)
445 Post-menopausal Bean curd <3 months* 50/657 1.0 (ref.)
Bean curd 1-2 week 151/2245 0.89 (0.64-1.24)
Bean curd =3 week? 242/3284 0.96 (0.70-1.31)
Miso <daily 276/3901 1.0 (ref.)
Miso daily 167/2291 0.96 (0.78-1.17)
Yuan et al, 1995 Shanghai 534 Combined? Per 18 g protein day* - 0.9 (0.6-1.3)
Median controls
3.5gday?
Tianjin 300 Combined? Per 18 g protein day* - 1.4 (0.7-3.0)
Median controls
2.8 gday?
Both centres 834 Combined? Per 18 g protein day* - 1.0 (0.7-1.4)
Wu et al, 1996 us 597 Combined? Tofu <12 year 209/289 1.0 (ref.)
Tofu 13-42 year™ 135/199 0.97
Tofu 43-54 year™ 138/232 0.84
Tofu 55+ year? 114/238 0.67
Witte et al, 1997 US and Canada 140 Premenopausal Tofu <1 week™ not given 1.0 (ref.)
Tofu 1 week™ not given 0.5(0.2-1.1)
Prospective
studies
Hirayama 1990 Japan 241 Age 40+ Miso soup <1 day™* not given 1.0 (ref.)
Miso soup =1 day* not given 0.85 (0.68-1.06)
Greenstein et al us 1018 Postmenopausal Soya or tofu never not given 1.0 (ref.)
1996
Soya or tofu not given 0.76 (0.50-1.18)
consumers
Study of
husbands®
Nomura et al Hawaii 86 Combined Food Mean
1978 intake
Tofu, cases 117.1 g/week™
Tofu, controls 150.8 g/week?

Miso soup, cases
Miso soup, controls

170.9 g/week?
279.5 g week™

aResults did not differ when premenopausal and postmenopausal women were analysed separately. Values in cases are values reported by husbands of
women with breast cancer, most of whom were diagnosed before husband was interviewed. Results are from 1971-1975 survey.
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To utilize these two measurements, we examined the relative Two recent studies have reported that women with newly
risk for breast cancer in these women during the follow-up periodiiagnosed breast cancer had lower urinary excretion of phyto-
after Survey 2, combining the data from both questionnairesestrogens than control women (Ingram et al, 1997; Zheng et al,
(Table 4). Consumption of tofu and miso soup remained unassocl999). However, these results could be due to an effect of iliness or
ated with breast cancer risk: relative risks in the highest categomgnxiety on diet and/or metabolism, and in both studies urinary
of consumption were 1.19 (0.62-2.29) and 0.74 (0.43-1.28)itrogen excretion was lower in cases than in controls, suggesting
respectively. that the cases had a relatively low intake of protein and perhaps a
low food intake at the time they were studied.

The current analysis of the Life Span Study showed, as in the
previous analysis of Goodman et al (1997), that breast cancer risk
This study showed no significant associations between reporteglas associated with the well established risk factors, including
consumption of tofu or miso soup and breast cancer riskage, age at menarche, age at menopause, parity and age at fir
Relatively high consumption of tofu was associated with a smalbirth, and body mass index. The only statistically significant
increase in risk whereas relatively high consumption of miso soupssociations of breast cancer risk with dietary factors were a
was associated with a small decrease in risk. Adjusting for othatecrease in risk with increasing consumption of dried fish and an
risk factors for breast cancer did not materially alter these resulténcrease in risk with high consumption of pickled vegetables;
The reduction in risk associated with frequent consumption ofhese associations were not prior hypotheses and, because of th
miso soup was greater after further adjustment for consumption ddérge number of comparisons made, they may be due to chance
dried fish and pickles but was still only of borderline statisticalThe absence of significant associations of breast cancer risk with
significance. the other foods and drinks examined is compatible with the results

The strengths of this study are that the number of cases waé other epidemiological studies of nutrition and breast cancer
relatively large, the dietary data were collected prospectively, an(Hunter and Willett, 1996).
there was a wide range in the reported intakes of soya foods. TheThis cohort is unusual in that many women were exposed to
weaknesses of this study are that the dietary questionnaire did nugh doses of ionizing radiation, and this is strongly related to
include portion sizes, did not include all major foods, and has ndireast cancer risk, as documented in previous studies in this cohor
been validated, so that it is not possible to estimate the intake ¢6.g. Tokunaga et al, 1994). In contrast to previous reports on
soya isoflavones or nutrients. Misclassification of dietary expobreast cancer incidence in the Life Span Study we did not observe
sures is likely to cause underestimation of any true associations afhigher risk for women who were very young at the time of the
dietary components with risk. Also, some cases of breast cancbombing. This is because the highest risk associated with exposure
among emigrants from Hiroshima and Nagasaki may have bedn radiation in previous reports was among women who were
missed, but this would not bias the results unless migration wasnder age 20 at the time of the bombing and diagnosed before age
strongly associated with diet. 35; all these cases were diagnosed before 1979 (Tokunaga et al

The findings of previous studies of soya foods and breast canc&®94), and few of them contribute to the current analysis. In this
risk are summarized in Table 5. The early case—control study dfivestigation, radiation exposure was only of interest as a potential
Hirohata et al (1985) reported identical mean consumption of fatonfounder or effect modifier of any association of soya consump-
from soyabean products in cases and population controls. Lee ettadn with breast cancer risk. All the analyses of dietary factors and
(1991, 1992) reported a reduction in breast cancer risk with highancer risk were adjusted for radiation exposure; furthermore, the
soya consumption among premenopausal women in Singaponmesults were similar in the subgroup of women exposed to very
but no associations were observed among post-menopauddtle radiation. The clear associations of breast cancer risk with
women. The larger case—control studies of Hirose et al (1995) arestablished hormonally mediated risk factors suggest that radiation
Yuan et al (1995), conducted in populations with high soyadoes not mask hormonally mediated effects, and both Land et al
consumption in Japan and China, respectively, found littlg1994a, 1994) and Goodman et al (1997) concluded that repro-
evidence for an association of soya consumption with breastuctive factors affect the risk for breast cancer in this cohort
cancer risk; there was one significant association, a reduction inrespective of the exposure to radiation. We therefore think that it
risk with high tofu consumption in premenopausal women in thdés unlikely that the absence of an association between soya
Japanese study. Wu et al (1996) reported a reduction in breastnsumption and breast cancer risk is due to the substantial role of
cancer risk with increasing tofu consumption among Asian+adiation as a cause of breast cancer in this cohort.

Americans, but tofu consumption was much less frequent in this Another unusual characteristic of this cohort is the strong rela-

population than in the studies conducted in Asia, with a togionship of breast cancer risk with calendar period. The increase in
frequency of only 55+ times per year. A nonsignificant reductiorbreast cancer rates between the early 1970s and the early 1990
in risk in association with consumption of tofu at least once a weekas been described before both in data from the Hiroshima and
was also reported by Witte et al (1997) in a small study of NortiNagasaki cancer registries (Goodman et al, 1994) and in Japan as
American women with bilateral breast cancer. whole (Watanabe, 1993; Nagata et al, 1)9The cause of this

Only two previous prospective studies have reported on soyiacrease is not known. Nagata et al (199&stimated that under
consumption and breast cancer risk. In a Japanese cohof)% of the increase between 1959-1960 and 1983—-1987 could be
Hirayama (1990) reported a non-significant decrease in risk foaccounted for by changes in age at menarche, age at first birth,
daily consumption of miso soup relative to less than dailyparity and age at menopause, suggesting that other powerful risk
consumption. Greenstein et al (1996) reported a non-significarfactors must exist. Similarly, in the current analysis, we found that
reduction in risk among soya consumers relative to nonfurther adjustments for the well established breast cancer risk
consumers, but few women in this North American cohortfactors did not substantially reduce the increase in breast cancer
consumed soya. risk with calendar period. Changes in diet may be involved in this

DISCUSSION
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increase. No clear associations with dietary factors were observédnd CE, Hayakawa N, Machado SG, Yamada Y, Pike MC, Akiba S and Tokunaga

in the current analysis, but the questionnaire covered only a limited M (1994) A case-control interview study of breast cancer among Japanese A-
ber of foods. It remains possible that dietary factors that could, _2°mP survivors. I. Main effects. Cancer Causes CoBIrbb7-165

num p y Eiand CE, Hayakawa N, Machado SG, Yamada Y, Pike MC, Akiba S and Tokunaga

not be assessed, for example, total intakes of energy, fat and fibre, w (19945 A case-control interview study of breast cancer among Japanese A-

could be associated with breast cancer risk in this cohort. bomb survivors. Il Interactions with radiation dose. Cancer Causes Cantrol
167-176
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